Lipoprotein oxidation is a key early stage in the development of atherosclerosis. Oxidation of lowdensity lipoprotein (LDL) is initiated by both enzyme-mediated and non-enzymic mechanisms in vivo, and oxidized L D L has many atherogenic properties. Oxidation of L D L in vivo is likely to be influenced by local environmental factors, such as pH. The composition of L D L is also important, including such factors as antioxidant content, fatty acid composition and particle size.
Introduction
Elevated serum cholesterol, particularly in the form of apolipoprotein B (apo B)-containing lipoproteins, is an important aetiological factor in the pathogenesis of atherosclerosis. However, at any level of serum cholesterol, there is a wide variation in the incidence of coronary heart disease. It is therefore evident that there are other factors impacting on the lipoprotein-arterial-wall interaction, which exacerbate or retard the atherogenic process. Among these factors, it is believed that modification of low-density lipoprotein (LDL) in the arterial wall, particularly by oxidation, is crucial to the cellular uptake of L D L in the first stages of atherosclerotic plaque development [ 
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A key early step in atherogenesis is the formation of the fatty streak, consisting of a subendothelial collection of foam cells, which are cholesterol-laden macrophages or smooth muscle cells. Under normal circumstances, uptake of L D L cholesterol via the native L D L receptor is down-regulated with increasing intracellular cholesterol content, and internalization of cholesterol by this route does not result in foam cell formation. T h e discrepancies in these trials may reflect differences in the dose and mix of antioxidants used as supplements, the different dietary backgrounds of the subjects, and intervention at a relatively advanced stage of disease. It seems clear, however, that p-carotene supplementation is ineffective in preventing vascular disease, while conclusive evidence one way or the other is lacking for vitamin C and vitamin E. In the presence of a lipid phase chainbreaking antioxidant such as a-tocopherol, the peroxyl radical may be scavenged. The tocopheroxyl radical thus formed has very low reactivity and will generally result in chain termination. LDL exposed to oxidative stress in vitro will not form significant amounts of hydroperoxides until it becomes depleted of chainbreaking antioxidants. I n w h o studies of LDL oxidation have verified the existence of a 'lag phase ', during which significant oxidation of LDL 'propagation phase ', presumably after the endogenous antioxidants have been consumed (Figure 1 ). There follows a steady increase in the detectable by-products of oxidation, until the substrate, i.e. the PUFAs, has been depleted, and a plateau phase is reached. Assessment of resistance of LDL to oxidation has generally in- . A preponderance of small dense L D L particles is found in subjects with moderately elevated triacylglycerols (1.5 mmol/l), and is due to the metabolism of relatively large lipid-rich very-low-density lipoprotein particles. The concentration of preexisting fatty acid peroxides in L D L also exerts an effect on the oxidative susceptibility of the particle, with higher levels of these 'seeding ' peroxides being associated with a shorter lag time when transition metals are used to initiate oxidation
Mechanisms of LDL oxidation in vivo
The in vitro assessment of the susceptibility of L D L to oxidation takes into account only those factors intrinsic to LDL, as discussed above. It is important to bear in mind that L D L susceptibility to oxidation in vivo is likely to be heavily influenced by the particle's immediate micro-
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environment, including local antioxidant concentrations, transition metal availability, pH and the presence of specific enzyme systems, among other factors. Understanding of the importance of these factors is limited, but in the case of pH it is likely that, within atherosclerotic lesions, the extracellular environment is acidic. Atherosclerotic lesions resemble sites of chronic inflammation, and cellular elements are relatively distant from capillaries 
Conclusions
Oxidation of L D L is an important process in atherogenesis. Understanding of the mechanisms by which L D L oxidation occurs and its consequences in vivo have improved greatly in recent years. However, the relative importance of enzyme-mediated and non-enzyme-mediated L D L oxidation remains unclear, as does the significance of tocopherol-mediated oxidation, arterial wall pH and interactions of L D L with arterial wall components. While the harmful effects of LDL oxidation are well recognized, increased appreciation of the protective responses which oxidation initiates may help in the development of new strategies to prevent atherosclerosis.
